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A METHOD OF CALCULATING

INTERPLANETARY TRAJECTORIES

by

R. C. Blanchard

and

H. Wolf

ABSTRACT

This report presents equations and Fortran program

listings for generating approximate patched-conic inter-

planetary trajectories. The universal form of the conic

equations is used for coasting arcs with the universal

anomaly, fl , as the independent parameter. A pseudo-

burn approximation is used for the powered portions of

the flight. A selection of terminating conditions for the

coasting arcs are presented and discussed. Planet

ephemerides are calculated from prestored constants of
their motion.

*Analytical Mechanics Associates, Inc., NASAContra_tNo. NAS5-
9298.
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NOTATION

Description

semi-major axis

azimuth

impact miss parameter

impact parameters

ecosE o, if a>0e coshE 0, if a < 0

R'I}

eccentricity

eccentric anomaly if a > 0hyperbola analog to E if a < 0

true anomaly

ith F-function

ith G-function

angular momentum vector

inclination

the square of the distance from any given body

mass

mean anomaly if a > 0hyperbolic analog to M ifa < 0

periapsis unit vector

inplane unit vector perpendicular to P

distance

apoapsis distance

periapsis distance

position and velocity vectors, respectively

triade describing impact plane

asymptote unit vector
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V

V
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CL

Y
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#

Subscripts

O_

1,

Description

{; sinEo, ifa>Osinh E o, if a < 0

time

time -of-flight

velocity

circular velocity

=- 1/a

universal anomaly, _ _/v [a[

flight-path-angle

mean motion

eccentric anomaly difference if a > 0

hyperbola analog to E difference if a < 0

argument of periapsis

right ascension of ascending node

body ws gravitational parameter

refers to initial conditions

refers to updated conditions
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A METHOD OF CALCULATING INTERPLANETARY TRAJECTORIES

INTRODUCTION

This report presents the equations used in generating approximate inter-

planetary trajectories. A Fortran program has been written and is called the

General Trajectory Supervisor Program (GETSUP). Included in the Appendices

is a corresponding program listing. Basically, the GETSUP program generates

a patched-conic interplanetary trajectory. The philosophy for calculating the

trajectory is that of stringing together in an arbitrary manner a series of arcs,

where each arc is thought of as a transformation of the state vector consisting

of R, I}, t, and m with /3 as in the independent variable. The /3-parameter is

the anomaly-like variable which facilitates a convenient arrangement of the

mathematical algorithm for the solution of the universal form of the conic

equations 1.2,3.4,6,s Also, this choice of fi as the independent variable has

other advantages when calculating interplanetary trajectories. First, many end

conditions are geometrical and, therefore, are easily expressed by the/3 -param-

eter, or for that matter, any other anomaly-like parameter. Secondly, Kepler's

Equation can be solved readily without iterating. These advantages offer some

obvious savings in both program design complexities and running time.

There are two types of arcs, coasting arcs and burning arcs. The burning

arc transformation is treated as a rotation and/or stretching or contraction of

some components of the state vector. The coasting arc transformation of the

state, with respect to a given celestial body, is performed by the generalized

two-body equations. The desired transformations are specified by the user.

A number of terminating conditions have been incorporated. By proper

choice of these conditions, the user is able to obtain the transformed state to

some preselected geometrical configuration. The conditions are periapses,

apoapsis, a specified distance, flight-path angle, planetary reference switch

and fl-parameter. Flight-time is also included for completeness. This document

describes each end condition and presents the corresponding equations. The pro-

gramming logic has been designed to incorporate others upon user demand.

The position and velocity of the planets are calculated from prestored

constants of the motion which were obtained by utilizing Carpenter's method of
• 7

generating Chebyshev series coefficients of planetary perturbatmns. This

method included using a differential correction scheme on planetary positions

to obtain best fit motion constants. The time range of applicability of the



constants is abouttwenty years dating from January 10, 1967. This time inter-
val is subdivided into four equal intervals, thus, allowing for a better approxi-
mation for the planet9ry motions.

COASTING ARCS

The coasting arc is described by a transformation of the state vector with

respect to some reference body. Normally, one would transform the state from

some time, t 0 , to some other time, t 1 , using time as the independent variable.

However, to accomplish this one must solve Kepler's equation by some iterative

technique. This problem can be avoided by choosing as the independent variable

another parameter which is related to an anomaly. Since, the end conditions are

usually defined geometrically, they can be expressed directly as functions of this

anomaly rather than as functions of time. Time is considered a component of
the state vector since the planetary configuration is given as a function of time.

The internal independent parameter used by GETSUP is fl, where /3 is defined

as

E-E o 0
- (1)

Thus given the initial state vector (R 0, R0 ' to ' m0 )' corresponding to

fl = 0 and the body's mass parameter _, equations (2) to (13) are used to obtain

the state vector for a given P.

ro = (R ° • Ro) 1/2 (2)

Vo = (I_o " Ro)1/2 (3)

d o --R o Ro (4)

2

1 _ 2 Vo (5)

a r o _-

2



Note that the semi-major axis, a, neednot be calculated internally since
only its inverse appears in the computations. Also, the sign on 1/a must be
preserved in this calculation in order that the equations are applicable to hyper-
bolic as well as elliptic orbits. The symbol a is introduced to handle the fre-

quent appearance in the equations of the variable 1/a. Let a _ 1/a.

A parameter is introduced to facilitate the arrangement of the equation into

a generalized form. That is

- _ _1/3 2 : _ 2 (6)
a

As can be seen, for elliptic orbits this parameter in reality is the negative

of the squared eccentric anomaly difference, that is, _ = -(E -E0)2 = - (J:. The
F-functions are now defined by

Fi = (2n + i)! where i = 0,1,2,3 (7)
n=0

F-functions are the resulting series expressions for expansions of functions in-

volving trigonometric or hyperbolic functions of the 5 -parameter. This ar-

rangement allows one to unify the different conic cases. Appendix A gives a

more O,,tailed description. Note, however, that only two of the F-functions need

to be calculated by the series, these are F 2 and F 3. The remaining two are
generated from the following recursive expression:

F i = 1 + _F i + 2 where i = 0, 1 (8)

Actually, this expression is a particular result of the general recursion formula

which is presented in Appendix A. Thus, the G-function utilized in the equations
is formed by

G i : /3iFi where i : 0, I,2,3



For our purposes only the four F-functions are needed, but if partial deriva-

tives are to be computed higher order F-functions are required. The remaining

algorithm for position and velocity becomes,

doG 1
r -- roG o + __ + G

_//_ 2

f -- 1 - G2/r o

roG1 d°G2 (9)
g=---_+--#

d-_pG 1

rr
0

g : 1 - G2/r

Thus, the position and velocity vectors of the updated state are

R-- fR o + gR o

-- fR0 + gRo

(10)

The remaining portion of the transformed state, that is t and m for /3 is now

considered. The time is calculated by

t = t o + At (11)

where At is the time of flight and is obtained by the universal form of Kepler's

equation,

4



r o do G3
_t =_G 1 +_G 2 +_ (12)

v_

Note that during coasting m remains unchanged. Thus,

m-- m0 + _m, whereAm-= O.

For computational purposes the series expressions of F 2 and F 3 are shortened

to only 5 terms. The _-parameter is kept small enough to guarantee the con-

vergence of these series for eight-digit single precision accuracy by utilization

of the following _-parameter reduction formulas

F3(_) -- [F3(_0 ) + F2(_ 0) F1(_0)]/4

F2(_ ) :F_(_0)/2

(13)

where 50--5/4

Reduction formulas for F 0 and F 1 also exist but are not needed since they are

obtained recursively from F2 and F 3 . The procedure then is to utilize the re-
duction equations when I _l > 1. When I _l < 1 and _ < 0 then by calculating

the first neglected term of each F series it can be shown that the maximum re-

mainder of F 3 is about 1.6 × 10- 10 while for the F 2 series this upper error bound
is about 2.1 x 10" 9. When _ > 0, it can be shown that the remainder is essen-

tially unchanged. It is entirely possible that the _-parameter is very large so

that _0 is not small enough. In this case, the reduction formula is applied re-
peatedly. Aftern such applications,

_o = _/4n

which is less than 1 for sufficiently large n.

calculated by the series while the values of F 3
utilizing the above reduction equations.

Thus F s (to) and F 2 (_o)are

(_) and F 2 (_) are found by



TERMINATING CONDITIONS

A coasting maneuveris terminated by oneof several terminating conditions:
aspecified time-of-flight, periapsis, apoapsis, given distance, given flight-path-
angle, given _, or by switching reference bodies. Theupdatedstatevector for
anyof theseconfigurations canbe found quite readily by theequations presented
in the previous section providing onehas available the proper valueof the inde-
pendentparameter, _. By expressing each of the aboveend-conditions in terms
of y one is able to transform the initial state (R0, 1}0 , t o , m0 ) to the desired
final state configuration. Clearly, if the state configuration were desired at
some _, then one wouldbe able to use the equations (2) to (12) directly. The
following sections give the equations which are used by GETSUP to find the

corresponding _ for the remainder of the above mentioned conditions. The

equations of these conditions do not hold when a is identically zero, that is,

for the parabolic conic. However, it is highly unlikely that this situation would

occur. For near parabolic orbits, the resulting Y obtained presents no par-

ticular problems since the coasting are calculations are done by the universal

form of the two-body equations. It is of course quite simple to express all the

conditions mentioned in terms of y by the use of Equations 9, 10, 12 and solve

the resulting transcendental equation iteratively and so get perfect generality.

However, by specializing to either elliptic or hyperbolic cases we can take ad-

vantage of well known expansions of the inverse functions (such as arctangent

and logarithm functions) and thus shorten the computation time materially. In

view of a great number of trajectories, the resulting program complication seems

a reasonable price to pay. In any case, if the parabolic case ever should prove

troublesome, equations are available.

Time -of-Flight

The corresponding/3 for a specified time of flight, At o is found by an
iteration scheme on the universal form of Kepler's equation. The scheme used

by GETSUP is basically a Newtonian iteration suggested by Battin. 6 Nothing is

gained here by distinguishing between types of conics except in order to obtain

a starting guess which assures convergence of the iteration, s This may be done

in the following manner: From Equation (5) a is calculated. Equations (18),

given in the next section can be used to calculate E 0. If a is negative, then the

conic is hyperbolic and the initial guess for/3 -_ _0, is

(14)

6



' If a > 0, the circular velocity at r 0 is calculated as

Then if the initial velocity magnitude v 0 is in the neighborhood of v s i.e.,

11 - vs/v0 } < E where e<< 1, the initial value of the /3 parameter becomes

/30 = a _Jff-_ At0 (15)

When £ t o is the desired time-of-flight. For elliptical conics,

(_ - Eo)
rio-

V_

(16)

With the initial value of/30 , the following sequence of equations is used to find

an improved value of _, namely fi 1:

d o

v/_&t = ro GI (rio) + ,"_-- G2(/3o) + G3 (/3o)
¢pL

3 (/--/_At) d o (17)

_/3 - vZu'uG1 (/30) + (1 - aro) G 2 (/30) + ro

L
The value of fi can be improved by passing through Equations (17) until no appre-

ciable change is obtained from one fi to the next.

Periapsis

The determination of the value fl to reach periapsis is done somewhat more

efficiently by distinguishing among the types of conics. The sign on a is used for



this purpose. The equations are as follows:

d_
S_

b_

d° la I 1/2S o -- ""=_
_//.z

Co= 1-ar 0

e = (So_ + c2o) _/2
(18)

E o
= _an -1 So/Co, i f ct > 0

n , ifa<O
e

- Eo

Note that if both a is negative and E 0 is positive periapsis cannot be reached

in positive time. Also So2 is calculated in order that the eccentricity, e, can be

expressed in one equation for both hyperbolic as well as elliptic orbits.

Apoapsis

In determining the corresponding value of fi to reach apoapsis, it is con-

venient to check the sign of a immediately since negative values exclude

apoapsis possibilities. If a is positive, _ is calculated as follows:

8



do 1/2

S o ¢_- a

C o : 1_ ar o

-1 So

E o = tan C---o' -zr <Eo <77

a 1/2

(19)

Distance

Obtaining the corresponding/3 for terminating a coasting arc at a specified

distance, r, is facilitated by distinguishing among the types of conics. It is clear

that if the orbit were circular, then the distance termination would become

meaningless. GETSUP provides the user with some diagnostic checks. These

checks are particularly helpful for this terminating condition, since there exists

a built-in ambiguity. That is, there are normally two distances which satisfy

the conic equations. The resolution of these distances is provided for in GETSUP.

Equations (20) to (27) handle the distance termination fl selection.

So2 do2-_ _ (2.

C O = I - ar o

e : (So_ +Co_)'/2 (20)

E o

(-tan-1-o, i a > 0

tn if a<0

C:--I (1- ar)
e



Note that r cannot be physically reached under the following conditions

if a> Oand ]C] > 1

if a < Oand C < 1

(21)

This can readily be seen if one realizes that for the elliptic case, C _ cos (E)

and for the hyperbolic, C -=cosh (E). Assuming that the above restrictions are

not violated and r can be obtained, then

S = 11 -C 2 [ I/2,and (22)

f

?an -1 S/C, if a > 0
E'

_n (C+S), if a<O

(23)

Quadrant allocation will always furnish a positive E', since S by Equation (22)

is always positive. To obtain the proper value of _ for a given r requires an

adjustment to the sign, or quadrant, of E'. This criterion for selecting the

proper sign is obtained from the following sign function:

cr = sgn (r - ro)
(24)

Notice that when going from an inner to an outer position _r is positive while

transferring from an outer to an inner position _ is negative. This results in

the following logic for elliptic transfers. When _ is positive:

=_>0, ifE o 20
E'

1
_,E' + 2% if E o <0

(25)

10



Wheno- is negative:
r

El

:If 0' i f E° ->-0
0, ifE0<0

(26)

For hyperbolic cases the sign of E' is that of E 0 . However, if _r

then the position cannot be physically reached. With the sign of E'

is obtained by the following:

< 0and E >0
0

resolved, /2

E' - E o
- (27)

l l,J2

Planet-to-Sun Reference Switch

The identical equations of the distance terminator are used to find the corre-

sponding _ to terminate the trajectory at the sphere-of-influence of a given

planet. This is done by merely letting the distance be equal to the radius of the

sphere-of-influence of that particular planet. With this fi, the state vector (R,

R, t, m) at the sphere is found by the method presented in Section II. A point

transformation can then be made to obtain the state vector with respect to the

sun. This involves the following:

R s =R+R N

1} s = I_ + I}N

m =In

(28)

t =t
$

Where R N and RN are the position and velocity vectors of the planet at the

time t. A discussion of the method of obtaining the planet's position and velocity

is presented later in the text.

11



Flight-Path-Angle

The equations used to determine the corresponding value of _ to reach a

specified flight-path-angle, T, are presented in this section. An ambiguity ap-

pears for elliptic orbits since each flight-path-angle occurs twice. The equa-

tions presented give the fi for flight-path-angles near periapsis. The equations

are as follows:

sg d_Z _ CL

s --d° l_l'/_
o C

C O = I - ar 0

(29)

e = (C 2 + SO2)I/2

an-I Co

Eo=

S O + C O
n - ifa<O

e

S- _1 - e21 tany
e

C=f_v/ - S2, if a > 0
+_, if a<0

(30)

(31)

(32)

f

?an -1 S/C, if a > 0
E z

]
[ln(S+C), if a<O

E -E 0

la[1/2

(33)

(34)

12



Notice that when IS] > 1 and a > 0 , the flight-path-angle cannot be reached.

Also, when a < 0 and E 0 > E, the flight-path-angle cannot be reached.

Sun-to-Planet Reference Switch

The method and equations used in obtaining the proper value of fi in sun

reference for terminating at the sphere-of-influence of a given planet are pre-

sented in this section. In general, the problem of finding this fl involves an

iteration scheme, since the geometrical coupling of the probe's position in the

orbit with the planet's ephemerides makes it difficult to give an explicit expres-

sion for /3. A direct scheme might consist of selecting an incremental beta, Aft,

and updating the state step-wise, saving the values of fi before and after each

update. At each fl-step the quantity k can be computed by

k : R'" R', whereR' : R-R N
(35)

R is the position vector of the satellite with respect to the sun and is obtained by

the equations (2) through (13). R N is position of the target planet with respect to
the sun. R' is the position vector of the satellite with respect to the new refer-

ence body, namely the target planet. This vector is obtained by the equations

(66) through (68). k can then be compared with k s , where

k = r 2, and (36)
s S

r s = radius of sphere-of-influence of the target planet

Once k < k s , that is the proper value of /3 has been bracketed, an improved
value can be found by,

#N =/3N-2 - (kN-2 - ks) (37)

A basic problem with this scheme is selecting the correct step size, Aft. When

Aft is too large, the linear iterator will not be very effective. A small value of

/_/3 may result in many steps before bracketing the solution. It is also bothersome

13



to discriminate betweenother relative minima which may be encounteredon the
way. Another schemehas beendevised to eliminate these difficulties. It involves
obtaining a first guess of /3 near the solution and subsequently evaluating the di-

rection in which to proceed in order to trap the desired value of fi. The procedure

is to find the corresponding _ needed to intersect the planet's mean orbit. This

is done by the use of the distance termination, presented earlier, where r is the

mean distance of the target planet from the sun. A schematic of the geometry

is given by Figure 1.

/
/ \

\_PLANET'S SPHERE OF
/ INFLUENCE
/ \
/ \

] PLANET l
l
I

\
\ /
\ /
\

//\\ ORBIT
MEAN

R N

SUN

PROBE

Ro
\

I
I
I
I
/
/

Figure 1-The target planet intercept geometry
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The value of k is computed by Equation (35). In general, the graph of k versus

fl is given in Figure 2. Notice that there exist two possible solutions for a

given k s. This is apparent since the first solution corresponds to entering the
planet's sphere while the second corresponds to exiting the sphere. Also, when

k s < k , a solution cannot be found. This means that the trajectory of the probe
does n_ot enter the planet's sphere.

k
s

km

k=f(B)

Bs Bm

I
I
I
I
I
I
I

Bo

Figure 2-The graphof k versus /3

The derivative of f (/3) at the point fl0 is numerically computed. If the
value of the derivative is positive, fl is incremented to the left until the value

of fl which gives k s is bracketed. Improved values of _ can be found by iter-

ating using Equation (37). If the derivative is negative, then the value of k at

Y0 is compared with k s and the sign on step-size is selected appropriately in
order to bracket the desired solution.

15



BURNING ARCS

The poweredflight portions of the trajectory are approximated by arcs.

These arcs are characterized by corresponding changes in burn-coast angle, As,

speed, AV, flight path angle, AT, flight path azimuth, AA, height, Ah, time, At,

and mass, Am. All of these changes except At and Am are accomplished by ro-

tations and stretchings of the postition and velocity components of the state vector,

(R0, l}0, to, m° ). A stretching of a general vector Y by an amount A_ results
in the vector Y' where

A rotation of Y about a vector A through an angle e results in a vector Y'

which is given by

_ A× Y (39)sin 2 _ A+_ sin
2 a

A discussion of these equations is given in Appendix A. The burn rotate and

stretch transformation consists now of the following table:

Stretch:

Rotate:

VECTOR by AMOUNT

R o Ah

] Av

VECTOR About VECTOR ANGLE

R o H _ Ro× Ro As

R o Ro -£A

R0 H As-AT

These changes in the position and velocity vectors can be performed separately

or in any combination. The remaining portion of the state vector m and t, are

transformed by

16



t--to+At

m=mo +Am

(40)

The quantity Am can also be computedby

_V

X -

I,go

Am=m o (1 - e -_)

(41)

where the specific impulse, I

the user.

and the change of speed Av are specified by
s

ORBITAL MOTION PARAMETERS

At various times during the coasting arcs it is of interest to express the

state vector in other related parameters of the motion. GETSUP calculates

two sets of these parameters. They are called the Orbital Elements and the

Impact Parameters.

Orbital Elements

Given the state vector (Ro, Ro, t o' mo) with respect to a given body, speci-
fied by the/_ parameter, equations (42) to (59) are used to obtain the two-body
orbital elements.

do = Ro" So

ro = (Ro " Ro) 1/2

: R0 ' Ro

2 Vo_

r o /z

(42)

17



Notehere again the sign of a is preserved to handle hyperbolic as well as
elliptic orbits.

Semi-major axis;
1

d_

(43)

Mean motion; V = v_-la] lal 1/2

(44)

C O = 1 - ar o

S02=_
/z

(45)

Eccentricity;

e : (co: + So_) 1/2 (46)

Eccentric anomaly;

Ii So

an -1- , if a>0

E 0 = Co

n , ifc_<O
e

(47)

Note that E 0 is the analogous eccentric anomaly parameter for hyperbolic orbits,
that is, when a < 0.

18



Mean anomaly;

ira>0

ifa<0

(48)

Time to periapsis;

M
P

(49)

Angular momentum vector;

H=Ro× f_o
(50)

where the components of H are (h x , hy, hz) and the magnitude is obtained by

1/2
h = (n • H) (51)

Periapsis unit vector;

a) doe

(52)

where the components of P are (Px, Py' Pz)

h
g

cos i = --
h

(53)

sin i = ¢_- cos2 i

19



Inclination;

sin i /
i = tan -1 \_/

h
sinfl= x

hsini

h

COS _'_ = - Y
hsini

Right Ascension of Ascending Node;

sin f2h
f) = tan -1 \_]

(54)

cos co= Px cos _ + Py sin

PX

sin c_ = --
sin i

Argument of Periapsis;

sin c_o) = t_an-I
\cos _1

(55)

C1=_ -+e

True Anomaly;

f = f2 tan -1 [C 1

tan -1 [C 1

tanEo/2], if a > 0

tanhEo/2], if a < 0

(56)

20



Periapsis;

rp = a(1 - e) (57)

When _ > 0, the following are also calculated

Apofocu s;

r : a(1 + e) (58)

Period;

277T = -- (59)

Impact Parameters

The impact, or target, parameters (B • T) and (B • R) are usually examined

when generating interplanetary targeting trajectories. Consequently, let us as-

sume that the state vector (R 0, l_0, t o , m0) has been switched into the target

planet reference and the orbital elements with respect to this planet are avail-
able. One is then able to calculate the incoming asymptote unit vector, S, as

follows ;s

H i_
h

=--1 (P+C_e2- 1
e

(60)

where the angular momentum vector, H, and its magnitude, h, are calculated by

Equation (50) and the periapsis unit vector l_ is calculated by Equation (52). The

impact parameters are coordinates in the impact plane, which is normal to the

incoming asymptote. A schematic of the impact plane and the relationship of the
R, S and T vectors, is given in Figure 3.

21
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Figure 3-The Impact Plane and the relationship of the R, S, and r vectors.

is a unit vector tangent to the target planets orbital motion in the ecliptic

plane and is obtained as follows:

(61)

22



where N is the unit normal to the ecliptic plane. The unit vector R is normal to

both S and T and is calculated as

_- S × T (62)

The magnitude of the miss parameter, JBJ is now calculated as

JB] - a(1 - e 2) (63)
1 +Ve 2 -1

while

fi_ Ve 2 - 1 15+lp (64)
e e

where 1_ is obtained by Equation (50) and P is

d° Ro + 1 (h _-_1 /_oP hroe e
(65)

The two target components (13 • T) and (B • R) are now calculated where

B: IB1fi

POSITION AND VELOCITY OF PLANETS

The method and equations used in obtaining the position and velocity of the

planets are presented in this section. The reference coordinate system is

heliocentric cartesian. The method involves using precalculated motion con-

stants obtained from an analysis performed using Carpenter's Chebyshev Series

representations of planetary perturbations. 7 The analysis included utilizing the

digital programs which represented the planetary perturbations in terms of
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Chebyshevseries. Examining resulting coefficients of components of the per-

turbations over a twenty year time period has revealed that it is somewhat effi-

cient to subdivide the interval into four parts. The choice is between the number

of coefficients and the desired planetary position accuracy. However, for pur-

poses of quickly generating approximate interplanetary trajectories, it is pos-

sible to use only the constants of the motion without the pertibative coefficients

providing the time-span is not too large. This eliminates the need of adding the
corrective terms due to perturbations, thus eliminating the Chebyshev recursive

process. However, when increased accuracy of planetary positions is required,

the additional terms due to perturbations by other planets may readily be in-

cluded. The cartesian coordinates of the planets are accurate to approximately

four digits with the present motion constants for the following time intervals;

1/10/67 <_ t 1 < 1/8/72

1/8/72 -< t 2 < 1/5/77

1/5/77 _< t 3 < 1/3/82

1/3/82 _< t 4 < 1/1/87

where each interval is of length 1824.0 days.

For a given time and planet equations (66) to (68) are used to calculate the

position and velocity of that planet from the motion constants h i , Bi , Vi, M0i,

e i where the subscript i refers to the following celestial body:

i = 1, SUN

3, VENUS

4, EARTH

6, MARS

7, JUPITER

8, SATURN

9, URANUS

10, NEPTUNE

11, PLUTO
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and where

Ai = a Pi, Pi is the in-plane vector toward periapsis

Bi = b Qi' ()i is the in-plane vector perpendicular to Pi

_i = mean motion

M0i = mean anomaly at the center of each time period

e i = eccentricity

Notice that the planet Mercury and the Moon are not included in the above

list. These are special cases and will be considered separately since the motion

of these bodies are quite irregular. The P and Q vectors are calculated using

the value for the obliquity of the ecliptic of 23,44579 degrees for Jan. 0, 1950.

The mean anomaly at the given time t becomes,

Mi =M0i + Vi (t-t0i) (66)

where t 0 i is the time at the beginning of time interval +912 d. Kepler's equa-

tion,

M i = E i - e i sin E i (67)

is now solved for E i . This involves an iterative technique _ which is convergent

since the planet's motion is naturally nearly circular. Thus the position R and
pi

velocity, Rpi of the ith planet are

Rp

coseiinEi)()v) i sin E i _i cos E i

1 - e i COS E i 1 - e., cos E

(68)
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APPENDIX A: F-Functions

The F-functions presented in this report are convenient series expressions
for expansions of trigonometric or hyperbolic functions of _ where

=_--1 f12 =¥ 82
a

The negative sign is associated with elliptic orbits while the positive sign refers

to hyperbolic orbits. References 1, 2, 3, 6 and 8 utilize these series in one form

or another to obtain the universal form of the two-body equations. In general,

¢0

E _" (A-l)Fi = (2n + i)!
n=O

In particular,

F 3

F 2

FI=

I _ _ _s
:_+ _. +_. +_. + ...:

1 _ _2 _s
:T.+_+_+V + ...:

_,. {2 _sI + +_-_ +fit + ...=

8 - sin 8

sinh _ - _?

I. 8a

lZ cos 8

82osh__ - I

k 82

,if{<0

,if_>0

,if_<0

,if_>0

, if_<O

, if_>O

(A-2)

F o =I+
_2 4s

T.,+_. + _+ ...

if_<O

if{>O
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By writing out the first term, the F-series can also be written as

Fi i ! + (2n + i)!
n;1

(A-3)

Letting n = k + 1 and rearranging gives the recursive form for the F-series;

that is,

I (A-4)
Fi : i ! + _Fi+2

By calculating the highest integer F-series, that is, the largest value of i, one

is then able to compute the remaining lower integer F-series by the above re-

currence relationship. This usually halves the amount of series calculations.

It is possible to calculate the F-series functions accurately with only a few

terms by limiting the magnitude of _ to less than one. However, this restric-

tion would seriously hinder general conic calculations since the _-parameter

is related to anomaly. A way to avoid this type of difficulty is to test _ and rec-

tify the conic trajectory, that is, update the initial position and velocity vector

piecemeal. Another method, and the one used by GETSUP, is to utilize the re-

duction forms for the F-functions. These are,

4F3(4_) -- F3(_) + F2(_)FI(_)

2F2(4_ ) : W12(_ )

(A-5)

The reduction formulas for F are in reality half-angle formulas; elliptic or

hyperbolic depending on the sign of _. The appearance of the four is due to the

fact that [ _[ appears in the functions.
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APPENDIX B: Powered Flight Transformation Equations

The burning portion of the trajectory is handledby a stretch and rotation.
This appendixdevelops the corresponding equations. Let anarbitrary vector,
Y, of length, y, be stretched by anamount by. Consider the following sketch
given in Figure 4.

Y

/

/
/

/
/

/
/

/
/

Figure 4-The stretch geometry

It is apparent that the stretched vector Y' is

Y' =Y+AY (B-_)
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where Ay is the vector parallel to Y andof lengthAy, that is,

Y (B-2)AY : &y
Y

Or, substituting and rearranging results in

Notice that the original vector, Y, can be stretched or shortened by proper use

of the sign of £ y.

The rotation of any vector, Y, about some other arbitrary vector, A, through

an angle, e, is now discussed. Consider the following diagram given in Figure 5.
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Figure 5-The rotation geometry
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" The projection of Y onto A is

All = " a

where a is the magnitude of A. The projection of Y onto an axis perpendicular

to the A axis but in the plane is

AI=Y_AII =y_ (y.A) A__a (B-5)

Now Y' can be expressed in terms of All and A± as follows

AI A AI (B-6)
y, --All -_IAilcose_ + IAilsine--×_

IAil a IAil

Rearranging and substituting gives

Y'=coseY+-- (l-cos + -- A×Y (B-7)
a 2

Using the half-angle identities leaves the rotation equations as

1 e_ 2(A • Y) e sin c
Y' = - sin 2 Y + sin 2 --A+ _ Ax Y (B-8)

a 2 2 a
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APPENDIX C: General Trajectory Supervisor Program (GETSUP)Listings

The GETSUPprogram is in a state of constant evolution and, therefore, the
mathematical notation andexpressions as found in the program listings may
vary somewhatfrom the way in which they are presented in this report. Certain
features presented in the theory are still in the developmentstages and will be
appendedto the program whenthey become available. However, the listings and
equations are essentially equivalent.

The logic has beendesignedsuch that the variables and constants of the
program are stored into an array, designatedthe C-ARRAY. Modification of
these constants or variables is provided for by the following input cards:

The first data card contains identification to identify the run. Column 1 of
this card must contain a "I."

The next data card contains the control indices used by the program. These
are:

COLUMN NOS. DESCRIPTION

* indicates last data card for a particular case while
At indicates more data to follow.

2-3 arc number, if _ then program automatically sequences
the arcs.

5 Indicates whether to use position and velocity of last sub-

arc; Y indicates "YES," N indicates "NO."

7 Indicates whether new C-array data will follow; Y indicates
"YES," N indicates "NO."

9 Flight direction: F for "FORWARD" and B for "BACKWARD."

ii Maneuver Type: C for "COAST" and B for "BURN."

t Z_ is the symbol used here to represent a blank column.
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COLUMNS NOS. DESCRIPTION

13

14-15

Burn type number where

1 = Rotate R about H through angle

2 = Rotate R about H through angle

3 = Rotate l_ about R through angle

4 = Stretch R by A h

5 = Stretch I}11 by Av

Reference body number where

l=Sun

2 = Mercury
3 = Venus

4 = Earth

5 = Moon

6 = Mars

7 = Jupiter
8 = Saturn

9 = Uranus

10 = Neptune
11 = Pluto

As

As - A T
-AA

16-17 Terminating condition number where

1 = reference switch

2 = distance

3 = circular parking orbit

4 = time-of-flight

5 = periapsis

6 = flight path angle
7 = Beta

8 = Burn

18-19 Terminating body number (the numbers used here refer to

the same bodies as given in columns 14-15) if A or 0, pro-

gram sets to 1.

51-70 Identification of subarc

The next card(s) usually contains the C-array data modifications. These

cards are not always necessary since the program automaticaUy stores in the

C-array all the trajectory information and is capable of starting the new sub-

arc without C-array modifications. However, provisions have been made to

override the program by the following card(s) of this type:
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COLUMN NOS. DESCRIPTION

*indicates the last C-array card, A indicates more C-array
cards to follow

2-4 C-array location of variable to be modified (the locations of
the variables canbe found by checking the Block Data Rou-
tine)

5-15 amount of the C-array variable

Four more C-array variables can be placed on a single data card where the

variable's field would be 12 columns wide interdispersed with 3 columns used

for the C-array storage locations.

Included at the end of the program listings, after the $DATA card, is a sample

setup case for a typical interplanetary trajectory to the planet Jupiter. The
case consists of four connected coast arcs: an earth reference coast arc ter-

minating at the earth's sphere-of-influence; a sun reference coast arc termin-

ating at the time, t = 8365.78981 hours; a sun reference coast arc terminating

at Jupiter's sphere-of-influence; and finally, a coast arc in Jupiter's reference

terminating at periapsis. Notice that for this case some subarcs have C-array
modifications.
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$JOB 1202C003 10_ N3RCB M3072B1059
SEXECUTE ]BJOB
$|B,JOB MAP
SIBFTC TRA._JP DECK

1 FOI_WAT(132H1 _e_te_t_'l_'_mHtt__t_t_'i'_wi'lHl'_ GENE
I_AL TRAJECTORY SELECTOR mt_t_._H_._.JHl.__._m_

379H0 _ C ARRAY HAS BEEN INITIALIZED t_ REFER TO BLOCK DATA CC_WIPI
_LATION ABOVE _/
5107H0_ CI-U_NGES TO C MAY FOLLOW AS INPUT _ THESE CHANGES REMAIN
6 PERMANENT WITH THIS JOB UNLESS REDEFINED _I
75(1H0/I,51HO _ UNITS _ ANGLES __._i_ = DEGREES/

819X,30HTIME _*__a_ = HOURS/

919X_27HPOSITION W.R,T, PLANET = KM/
I19X_27H _ ,, _UN : AUI

219X,31HVELOCITY ,_ PLANET = KM/SEC/

319X,31H ,, _, SUN = AU/DAY)

2 FC_AT(80H

1 )
3 FC_RMATIAI_(2_(IX_A1)*_I2_31X*SA6)

FORMAT(I12X,11HCASE NUMBER 13)

5 FORMAT( _HO _* _5A6_ 88H*_ _ti_tt_*_*_**e_
**********************--*********************** SUBARC NUMBER 131

21H0 4X,2OHMANEUVER TYPE _ = AI,19H (C=cOASI _ B=BURN)/
3 5X_2OHDIRECTION _*_*_* = AI_25H IF=FORWARD , B=BACKWARD)/

4 5X,2OHREFERENCE BODY ** = A6/
5 5X,20HTERMINATING COND. = 4A6)

6 FORMAT(IH04X,

I 19HFLIGHI TIME (HRS) :IPEIS,7/IHO

2 _X,20HSTATE UPDATE W,R,T, A6/

I IHOI3X*IOHEPOCH ** :[_IH/12_IH/12_OPFI6,2_I3H UT (HHMN.S.S)/
14X,10HPOSITIOM =IP_E15,7/I_X,10HVELOCITY = _E15o7)

7 FORMAT(BTH0************ THIS CASE HAS HAD IT. PROCEED TO NEXT CAS

1E (IF ANY},)
8 FORMAT(AI,79H

1 )

9 FORMAT(IH0 _X*2_HINPUT STATE (X_Y_Z_R) - 2A6/
1 IHO13X*IOHEPOCH ** =I4,1H/12_lHII2_FI6.2*I3H UT (IilIMM,SS)/

I 14X*IOHPO_IIION =IPWE15.7/

2 I_X,10HVELOCITY :_E15,7}

10 FORMAT(1HO_X,2OHSTATE UPDATE W,RoT. A6 /IHOI3X,IOHPOSITION =
11P_EIS,7/I_X,IOHVELOCITY = _E15.7}

11 FORMAT(1H0_X,9HSTATE OF A6/1HOI3X,IOHT(JULIAN)=IPD15,7/

II_X,10HPOSITION =_E15,7/

i I_X,IOHVELOCITY =_E15,7}

12 FORMAT(IH0_X,20HBURN MANEUVER - TYPE*T2/}
1_ FORMAT(14X_IOHB C ANGLE=IPE15,7/

1 14X*lOHFL PATH = E15,7!
15 FORMATII4X*10HL AZINUTHmlPE15,7!
16 FORMAT(14X*IOIiOELTA HGT'lPEIS.71
17 FORMAT(I_X_IOHI)ELTA VEL=IPE15.7)
18 FORMAT(IHO* _X_I9HBETA eeee-m-eee-e_t =IRE15.7)

DOUBLE PRECISION XJD
DINENSIO¢I

1 SUBARC(5)_CI1000) ,POS(_I _VEL(_) _P(_l ,V(_)
1 _G(_) _RV(3) _SVV(3) *AVEC(_)

CO¢4MON
1 /DATA/C
2 /_TATE/ ALPHA_G_DZ_AINV_QAINV
3 /EPHEN/ XJD_SRV*SVV
EOUIVALENCE
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C

C

1
2
3 IDTBURNPC(435)I
4 (AZtC(432)I

5 IRTD_C(5))
INTEGER ERROR
ERROR = I

NOCASE = 0
WRITEIb,I)

500 REJI=D(5.2}
WR|TEI6t2)

510 NOCASE - NOCASE + I
PC)ARC = 0
WRITE(hi41 NOCASE

(P,C(413)) ,(¥.C(419))
I i:_DS,CI401)I .(VELtC(407II

,(BCANG,C(430)I
,(DELH,C(433))

,(DTR,C(6))

.IBETA,C(&27II .(DT,C(428)I ,
,(EPOCH,Ci425)I,IU_oC(_26)i

t(FPANGtC(431II
,(DELV,CI43_))

DATA FOR EACH SUBARC OF MISSION

550 READ(5,3) END,MANNO,PUTIN,
ICDATA,DIREC,TYPE,NOUUR_,IBODRF,ITERMtlBODRS'SUBARC

IREF = 20 * IBODRF + 8]

NOARC = NOARC + I

IF(MANNO .NE. 0) NOARC = MANN{)
IF(TYPE .NE. C(322)l GO TO 552

I : 361

GO TO 558

552 I = 3 * ITERN + 324

IRS : 20 * I80DRS + 81
IF(IBODRS oNE. 0) GO TO 560
|BODRS = I

558 IRS = 356

560 WRITE(6,5) $UB.ARC,NOARC,TYPE,DIREC,C(IREF),Cll},C(I + 1),C(1+2),
IC(IRS)

OVERLAY INPUT TO C ARRAY

IF( CDATA .EQ. C(324)I CALL NEWC
IDUM = 357

IF(PUTIN .NE. C(3241l GO TO 575

INPUT STATE = UPDATED STATE FREW4 LAST 5UBARC

IDUM = 359

DO 570 K = 1,3
POS(K) = P(K)

570 VEL(K) = V{K}

INITIAL POSITION-VELOCITY PARAMETERS
575 POS(_) = SQRTIPOS(1)**2 + POS{2)*'2 + POS(3)*'2)

VEL(4) = SQRT(VEL(1)**2 + VEL(2)**2 + VEL(3I**2;

CALENDAR AND JULIAN DATES AT START OF SUBARC

IF(PUTIN °EQ. C(32_)) GO TO 576

DUM = EPOCH/IO0.

IM = (DUN - AINT(DUM)) * i00,
ID = (EPOCH - AINI(EPOCH)) * iOO. + .01

IY : DUM

DUM = UT/1OO.
XJD = DBLE(DJUL4(IM,IDtIY + 19OO11 + I)BLE(AINTiDUM + ,O1)/C19)

i + AINTIiDUM - AINTIDUM)) * I00. + .01)IC(8)

i + AINT(IUT - AINTIUT)) * I00. + ,0111C(7)1
576 WRITEib*9} C{IDUM),C(IDUM + II,IM,|D, IY,UI,POS_VEL

CALL ELEM(POS,VEL,IREF,ERROR)
GO TO {577,2UOOl,ERRO_

577 IFiDIREC .NE. C(322)) GO TO 580
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C
C

C
C

BACKWARD DIRECTION

DO 578 K = I_3

578 VEL(K) = -VEL(K)

MANEUVER TYPE
580 IF(TYPE .EQo C(322)) GO TO 700

DZ = POS(1) e VEL(ll + POS(2) * VEL(2) + POS(3) * VEL(3)
XNU = C(IREF + 11

AINV = 2.1POS(4) - VELI4)*_21XMU
SQAINV . SQRT(ASSIAINV))

TERNINATING CONDIT[O_

591 CALL TERMtITEE_PIREF_IBE_)RStDIRECtERRO_)

WRITE(6*IS) BETA

GO TO (60092000) p ERROR

COAST
600 CALL TWOBOD(IREF,ERROR}

@0 TO 1100092000) , ERROR

BUrN

700 WRITE(6912) NOBUI_

DT = DTBUR_N

IF(NOBURN .NE. 1) GO TO 720

ROTATE

TYPE 1

715 AVEC(1) = PO5(2) t VEL(3) - VEL(2) • POS(3)
AVEC(2) = VEL(1) w PO$(3) - POS(1) * VEL(3)
AVEC(3) = PO$(1) * VEL(2) - VEL{1) • P05(2)

WRITE(6913) BCANG,FPANG
CALL ROTATE (POSPAVECtBCANG • DTRgP)

CALL ROTATE (VEL,AVECp(BEANG - FPANGI _ DTRoV)
GO TO 1000

720 DO 725 I = 1,_
P(I) = FN:)S(1)

725 V(I) = VEL(II
GO TO (20OOt740t750*760) 9 NIOBURN

TYPE 2
7_O WRITEIbt15) AZ

CALL ROTATE (VELoPOSt-AZe DTR,V)
GO TO 1000

STRETCH

TYPE 3 (DELTA H)
750 WRITE(6,16) DELH

DELX = (POS(4) + DELHI/PO$(4)
DO 755 I = 1,3

755 P(1) = DELX * POS(I)

P(4) - SQRTIP(II•*2 + P(2)_Hm2 + P(3I**2I
GO TO 1000

TYPE 4 (DELTA V)

760 WRITE(6tl7| DELV
DELX = tVEL(4) + DELV)/VEL(4)
DO 765 I = 1,3

765 V|l) = OELX * V(I)
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¥{W} = SQRI|V(1)**2 + V|2]**2 + V(3)*'2)
I000 IDIJM = ii

]F(IBODRF .EQ. II IDUM - 9

DTP = DT * CIIDUM)

C

C UPDATE EPOCH AND JULIAN I_ATE FOR NEW $IATE

XJD = XJD + DBLE(DTP/C(9|I
CALL JULW(XJDoIMtIDt|Y|

IY = IY - 1900

EPOCH = FLOAI(IY| * 1OO, + FLOAT(IM} + FLOAT(ID)/IOO, + ,005

DUM= SNGL(XJD - DBLE(DJULI(IMtID, IY + 1900)); * C(9I

UT = AINT|_UM)

DUM= (DUM- UT) * b0.

UT = UI * 100, + AINTIDUM) + (DUN - AINT(DUMII * ,6 + .005

IF{DIREC .NE,C(322)l GO TO I100

C
C REINSTATE VELOCITY AFTER BACKWARD FLIGHT

DO 1050 K = It3

1050 V(K) = -V(K)
1100 WRITE(6t6) DTPtC(IREFI,

l IM,|D,IYtUT,PtV

CALL ELEMIPtVtIREF,ERROR)

GO TO (1101,2000) , ERROR

C
C REFERENCE SWII(.H {TERM, COND. I)

1101 IF(ITERN ,ME. 1) GO TO 1200

C

C PLANET STATE AT T ZERO + DT

IDUM = IBODRF

IF(IBODRF oEQ, I) IDUM = IBODRS

CALL PLANET (IDUM tERROR)

SRVMAG = SQRTISRV(I)**2 + SRV(2)**2 + SRv(3)**2)

SVVMAG = SORIISVV(1}**2 + SVV(2)**2 + SVv(3|**2)

WRITE(btllJ C420 * IDUM + 81),XJD_

I $RV,SRVMAG,_V¥,$VWMAG

GO TO (1130,2000} , ERROR

C

C VEHICLE SIAIE WRT NEW REFERENCE SYSTEM

i130 IF(IBO_RF .EQ. I) GO TO 1132

C

C PLANET TO SUN UNIIS (KM TO AU)

ONE = i,

CONVZ • 1,/C(IO)

CONV2 = CONVI * C(7)

CONV3 • 1,

CONV4 • 1,

GO TO 1134

C

C SUN TO PLANET UNITS {AU TO _M)

1132 ONE = -i.

CONVI • I,

CONV2 = I,

CG_V3 = C(IO)
CONV4 = C(lO}IC(7;

I134 DO 1135 K • 1,3

P (K) = (P(K} * CONV1 + ONE * SRV(K)! * CONV3
1135 V (K) • (V(K) * cONV2 + ONE * SVV(KI) * CONV_

P (4) = _QRTIP (I)*'2 + P (2)**2 + P (3}*e2I

V (_) = SQRTIV (I)*'2 + V 12}*'2 + V {3)*'2}

1150 WRITE(b,10) C(IRS)tP ,V

CALL ELEM (P,V,IRS,ERR.OIR)

GO TO (1200,20OO) _ ERROR

1200 IF(END ,NE, C(320)I GO TO 550
GO TO 500

2000 WRITEIb,7)
C

C DUllY READ TO GET PASI DAIA TO NEXT CASE
2010 READ(bP8) END

IF(END ,NE, C{326)} GO TO 2010

ERROR = 1

WRIIE(b,8) END
GO TO 510

END
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$1BFTC TERN DECK
SUBROUTINE TERN(ITERN,IREFtIBODR$_DIREC,ERRQRI

TERMINATING CONDITIONS

INPUT
ITERN = 1

Z

3

z,
5

6
7

REFERENCE SWITCH

SPECIFIED DISTANCE FROM REFERENCE BODY
CIRCULAR PARKING ORBIT

DELTA TIME

PERIAPSIS
FLIGHT PATH ANGLE
BETA GIVEN

CC_4_W_WN IDATAIC

1 /STATEIALPHAWtGIDZtAINVoSQAINV

2 /EPHEM/ XJDgSRVPSVV

DIMENSION C(IOOO)_G(4)_POSI4)tVEL(4ItPI4)_V(4)_BETAKI21t

i PK(2,4),SRVI3]_SVV{3}'RJ:)R212}oACQVEC(3) _DUN|3)

EQUIVALENCE IPOS,C(401)ItIVEL_C(407))tIPI,C|l))tlBETA_CI427)It

IIDT,CI428}II(GAMMA,C(429]),IRTD_C(5)I,(DTR,C(6)It(TWOPIgC(4))

2t(P_CI_13)},IV,C(419})
INTEGER ERROR
DOUBLE PRECISION XJDtTKI2)tTEMP

I FORMATI59H0** TERM ** 5PEAKING. SEMI_AJOR AXIS IS TOO LARGE, I/

IA : IPEIS,7)

2 FORMAT( 79H0"* TERM ** SPEAKING, BETA FALLS TO COWNVERGE AFTER 20

1 ITERATIONS, 8ETA(19I =1PEIS,7,13H , BETA(20) =E15,7)
3 FORMAT(90H0** TERM ** SPEAKING. R CANNOT BE REACHED, TERM, CON

IDITION CANNOT BE SATISFIED, I/A = lPE15,7,BH , C :E15,7I
4 FORMAT(SBH0** TERM ** SPEAKING, ERROR IN PERIAPSIS. I IS NEGJkTIV

IE,)

5 FORMATI6OH0** TERM ** SPEAKING, FLIGHT pATH ANGLE CANNOT BE OBTAI

1NED,,SH S = 1PE15,7)
6 FORMATIIHO_4X,19HFLIGHT PATH ANGLE = IPE15,7,SH DEG, I

7 FORMATIIH0t4XtI9HDISTANCE (KM) _ = 1PE15,7}
B FORMAT(51H0** TERM ** SPEAKING. PERIAPSIS CANNOT BE REACHED. I

1009 FORMATIIH04XtI9HINFLUENCE RADIUS = 1PE15-7)

1011FORMATIIOSH0** TERM _* SPEAKING, BETA HA S NOT CONVERGED AFTER 20

IITERATIONS, VEHICLE MISSED SPHERE OF INFLUENCE BY 1PEIS,7,4H AU I

1013 FORMATI21HO*_ TERM _* SPEAKING,/ 71H PLANET-S SPHERE OF INFLUENCE

ICANNOT BE REACHED. PERIHELION = 1PE15.7,

222H _ APHELION = E15,7)

1015 FORMATI10OH* TERM ** SPEAKING, FAILED FIRST GUESS LOGICt TRANSFER

1MAY MISS PLANETS SPHEREt APPROX CLOSEST DIST=IPE15.7t3H AU)
C

C BETA GIVEN
IFIITERM,EQ, 7) RETURN

IF(ABSIAINV) ,GT, 1,E-20) GO TO 10

WRITE(6_II AINV

9 ERROR = 2

10 XMU : CIIREF + 11
SORTMU = C(IREF + _)
DZMU = DZ/SQRTNU

IF(ITERM ,EQ. 4) GO TO 400
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C PARAMETERS CONMW3N TO ALL EXCEPT TERM, COND, NO, 4

SZ2 = DZtt2 _ AINV/XMU

SZ = DZMU _ SQAINV

CZ = 1, - AINV _ PUS(4)

ECC = SQRTISZ2 + CZ * CZ}

IF(AINV ,LT, 0,) GO TO 20

EZ = ATAN2iSZtCZ)

GO TO 30

20 EZ = ALOGIISZ + CZ)/ECC)

30 GO TO ( 70_2OO,300,9tSOOt600) • ITERM

REFERENCE SWITCH

70 IF(IREF .NE. 101) GOTO I00

SUN TO PLANEI

POSITI_ OF TRA.JECT(.,_RY - (SPHERE OF INFLUENCE) INTERCEPTS.

GROSS ESTIMATE AND INDEPENDENT OF PLANET-S POSITION AI THIS POINT

TEMP = XJD

I = 20 * IBODRS + 86

IGO = 1

J = I - 2

DETERMINE INNER OR OUTER TRANSFER

SPHERE = C(J)/C(10)

RS2 = SPHERE**2

RAP = C(I)

RPP = C(l + I)

RTARG = (RAP + RPP )/2.

IFIPOS(4} .LT. RTARGI GO IO 72

OUTER TO INNER TRANSFER

RPER = (Io - ECCI/AINV

IF(RPER .GT. RAP) GO TO 75

RI= RPP - SPHERE

GO TO 77

C

C INNER TO OUTER TRANSFER

72 RI= RAP + SPHERE

IF(AINV oLT. O°) GO TO 77

RAPOG = (L. + ECC)/AINV

IF(RAPOG .LT. RPP) GO TO 75

IF(RAPOG .LT. RAP) R) = RAPOG

GO TO 77

75 WRITE(hI1013) RPPtRAP

ERROR = 2

RETURN

FIRST ACQUISITION VECTOR

77 R = RI

GO IO 1201

78 DBETA = BETA/B.

79 BETAK(IGOI = BETA

CALL TWOUO_ (IREF,ERRL_R}

DO 80 K = 1_4

80 PK(IGO_K) = P(K)

TK(IGO) : XJD + DBLE(DT)

IF(IGO.EQo2) GO TO 82

IGO= IGO + I

BETA = BETA- DBETA
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GO TO 79

PLANET POSITIONS AT TIME OF ACQUISITION VECTORS
82 IGO = 1

DO 85 I = 1.2
XJD = TK(I)
CALL PLANET(IBODRSoERROR)
IF(ERROR .EQ. 2) RETURN

VEHICLE - PLANET DISTANCES
DO 84 K = 1,3

84 bUM(K) = PtC(ItK] - SRViK)
85 RPR2(I) = DUM(1)em2 + DUM(2Ie_2 + DUM(3)_2

C

C LOGIC FOR TPAPPING SOLUTION FOR SPHERE OF iNFLUENCE
3001 IF(RPR2(2)°LT. RPR2(1)) GO TO 3000

IF(RPR2(II°GT. RS2) GO TO 3003

IF(RPR2(2)eGT.RS2) GO TO 1086
3000 RPRZ(II=RPR2(2)

BETAK(1)=_ETAK(2)
UETA=_ETA-{,_ETA
BETAK(2)=BETA

CALL TWOBOD(IREF_ERROR)
IF(ERROR,EQ,2) RETURN

XJD=TEMP+DBLE(DTI

CALL PLANETIIBODRS_ERROR)

IF (ERROR ,EQ,2) RETURN

DO 3002 K=lt3

3002 DUM(K)=P(K)-SRV(K}
RPR2(2)=DUM(1)_2+DUM(2)_2+DUM(3)_I2

GO TO 3001

C END LOGIC

C

C

C TO HANDLE CASE WHEN BETA IS VERY LARGE AND LOCAL MIN HAS BEEN PASSED
3003 BETA=BETAK(1) - DBETA/128,

CALL TWOBOD(IREFtERROR)

IF(ERROR,EQ,2) RETURN

XJD:TEMP+DBLE(DT)
CALL PLANET(IBODRS_ERROR)

IF (ERROR °EO°2) RETURN

DO 3004 K=It3

3004 DUM(K)=P(KI-SRVIK)
RPR2(2)=DUM(II*e2+DUM(2)eU2+DUMi3Ie*2

IF( RPR2(2) °GT. RPR2(1) ) GO TO 3005
DBETA=DBETA/2,
BETAK(2)=BETA

GO TO 3000

CANNOT OBTAIN FIRST GUESS _PROBABLY MISSED PLANET
3005 RPR211)=SORT(RPR2(1))

WRITEI6tI015) RPR2(1)
ERROR=2
RETURN

C
C

C BETA ITERATION
1086 DO 86 I = lt20

TEST = RPR2(1) - RS2
BETA = BETAK(1) - TEST _ ((BETAK(2) - BETAK(III/(RPR2(2) - RPR2
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1(1II)

IF(ABS(TESTI .LE. I.E-6I GO TO 87

RPR2[I) = RPR2(2)
BETAK(1) = BETAK(2}
BETAK(2) • BETA
CALL TWOBOD(IREFtERROR)
IF(ERROR ,EQ, 2) RETURJW
XJD = TEMP + DBLE(DT)
CALL PLANET(IBODRS_ERROR}
IF(ERROR ,EQ, 2) RETURN
DO 1090 K = 1,3

1090 DUM(K) = PIK) - SRV(K)
86 RPR2(2) = DUM(1)_*2 + DUM(2)_*2 + DUM(3)_e2

END ITERATION

MISSED THE PLANET

RPR2(2} = SQRT(RPR2(2))

WRITE(GtlOI1) RPR2(2)

ERROR = 2

RETURN

87 XJP = TEMP

RETURN

PLANET TO SUN
100 I = IREF + 3

IGO = }
60 TO 201

IIO WRIIE(6,1OO9) R

190 RETURN

DISTANCE

200 I = IREF + 7

201R = C(l!
1201 SGN = I.

IF(DIREC .EQ. C(322}I SGN = -i.
CC = (I. -AINV * R)/ECC

IF((AINV .6T. 0.) .AND. ABS (CC) .GT. I.) GO TO 210

1205 S = SQRT(ABS(I. - CC*'2))

IF(ITERM .EQ. 1} S = SGN * S

IF(AINV .LT.O.] GO TO 202

EPR = ATAN2(S,CC)

GO TO 204

202 EPR = ALOG(CC + S)

204 SGNE = SIGN(I.,EZ)

IF( SIGN(I..R - POS(4}) * SGNE .LT. 0.) GO TO 211

E = SGNE * EPR

BETA = (E - EZ)/SQAINV
IFIITERM .EQ. 1) GO TO (78,78,110] .IGO

WRITE(b,7) R

RETURN
210 IFIABS(CC) .GT. I.OOOOOO5) GO TO 1210

CC = i.

GO TO 1205

1210 WRITE(hi3) AINV,CC
ERROR • 2
RETURN

211 WRITE(6,4)
ERROR = 2
RETURN

CIRCULAR PARKING ORBIT
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300 CONTINUE

RETURN

C

C

C PERIAPSIS

5UU IFIIAINV .LE. 0.) .AND. EZ .GT. O..AND.(c(436).GT.O.)) GO TO 505

GO TO 510

505 WRITE(8,8)

ERROR = 2

RETURN

510 IF( AINV.GT.u.O .AND. EZ.GT.O.O ) EZ:EZ-TWOPI

_ETA = -EZISQAINV

RETURN

C

C FLIEWIT PATH ANGLE

600 GAMRAD= GAM_4A m DTR

WRITE(a,GJ GAMMA

CGAM : COS(GAMRAD)

S = SQRT(ABS(ECC**2 - 1.I) *SIN(GAMRAD)/IECC * CGAM)

IF((ABSIS) .GT. i.} .OR. ABS(CGAM) .LT. IOE-20) GO TO 610

CC = SQRT(I, - SIGN(See2 , AINV))

IF(AINV .LT° 0.) GO TO 605

E = ATAN2(S,CC)

GO TO 806

6U5 E = ALOG(5 + CC)

bOG BETA = (E - EZ)/SQAINV

RETURN

610 WRITE(6,S) S

ERROR = 2

RETURN

C

C DELTA TIME

C

C STARTING VALUE FOR BETA

400 IF(DT .NE. 0.I GO TO 401

BETA : O.

RETURN

401SQMUDT = SQRTNU * DT

ECEZ = i. -AINV * POSI41

IF(AINV .GE. 0.) GO TO 410

C

C HYPERBOLIC

BETA=O.

GO TO 450

41U IF(ABS(I. - SQRTMU/(SORT(POS(4)} * VEL(4))) .GT. I.E-5) GO TO 420

C

C CIRCULAR

BETA=AINV * SO_UDT

GO TO _50

C

C ELLIPTIC

420 BETA=(PI - ATAN2IDZMU * SQAINV , ECEZ))/sQAINV

C

C NEWTON-RAPHSON ITERATOR FOR BETA

45U DO 470 K =1.20

BZ • BETA

ALPHAW = -AINV * BZ**2

CALL FALPHA (ERROR)

IF(ERROR ,EO. 2) RETURN

BETA - BZ - (POS(4) * G(1} + DZMU * G(2) + G(3) - SOMUDT)/

1 IDZMU • G(I) + ECEZ * G(2) + POS(4))

47U IF(ABS(1, - B.ETA/BZ) .LE. 1°E-7) RETURN

WRITE(6,2) BZPBETA

ERA'OR•2

RETURN

END
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$1BFTC ELEM DECK
SUBROUTINE ELEN(POS_VELtIREF.ERROR)

C

C ORBITAL ELEMENTS AND STATE PARAMETERS

CONNON /DATA/ C

1 /STATE/ ALPHA,GtDZ,AINVtSQAINV

DIMENSION C(IOOO)_POS(4}.VEL(4},H(4),P(3)IG(4)
INTEGER ERROR

I FORMAT(IHOI3X,IOHA _tm =IPEIS.?PISH

fISH INCLINATION =EI5.7/14X,10HARG PER

2EIS.7,J5H MEAN ANOMALY=AI,EI4.7/14XolOHECC. AN. =AItE14.?.
315H TRUE ANLW'IALY=EIS.7,16H MEAN MOTION = E14.7/

41_X,10HPERIOD =A1,El_.7.16H T TO PERIGEE= E1_o7,

WISH ANG MOMENTUM=EiS.7/
514Xt10HAPOFOCUS =A1.E1_.7,16H PERIFOCUS = E1_.7)

2 FORMAT(59H0** ELEM ** SPEAKINg. SEMI-MAJOR AXIS IS TOO LARGE.

IA = IPEI5.T}

ECCENTRICITY=EIS.T,
:E15.7,lSH RA ASC NODE :

i/

FLAG : C(3_6)
DZ = POS(I} t VEL(1) + POS(2) e VEL(2) + POS(3) • VEL(3)

POSi4) = SQRT(POS(1)I_2 + POS(2)te2 + POS(3}_e2]

VEL(4) = 5QRT(VEL(1)e_2 + VEL(2)e_2 + VEL{3)_e2}
XMU = C{IREF + 1}

SQRTMU = C(IREF + W)

DZMU = DZ/SQRTMU

AINV = 2./POS(4) - VEL(4)_2/XMU

AI_AINV = ABS(AINV)

IF(ABAINV °GT. 1°E-20} GO TO 10

WRITE(G,2) AINV

ERROR = 2
RETURN

10 SQAINV = SQRT(ABAINV)

CZ = i. - AINV * POS(4}

SZ = DZMU * SQAINV

SEMI-MAJOR AXIS

A = I.IAINV

SZ2 = AINV _ DZ_t21XMU

ECCENTRICITY

ECC = SQRT|SZ2 + CZar2)

ANGULAR MOMENTUM/UNIT MASS

H(1) = POS(2) _ VEL(3) - VEL(2) _ POS(3)
H(2) = VEL(1) * POS(3) - POS(1) * VEL(3)

H(3) = POS(1) e VEL(2) - VEL(1) m POS(2)

H(4) = SORT(H(1)*_2 + H(2)*'2 + H(3)*-2)

TERMA = (I./PO5(4) - AINV)/ECC

TERMB = DZI(ECC * XMU)
DO 40 I = 1,3

40 P(I) = TERMA t POS{I) - TERMB * VEL(1)

INCLINATION

COST = H(3)/H(_)
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SINI = SQRT(I. - COSI_-2I

IFICOSI .NE. 0.l GO TO 45

XI - 90.

GO TO 47

45 XI - ATANISINI/COSI) • C(5)

C

C RIGHT ASCENSI(_I OF ASCENDING NODE

47 CONTINUE

C{436) = Xl

IFISINI .EQ. 0,1 GO TO W9

DUN - HI_) * SINI

$Ot4G • H{II/DUM

CO04G = -H(2I/DUN
OMG = ATAN2(SCW'IG_CO_IG) • C(5)

C

C ARGUMENT OF PERIGEE

206

C

C

C

C

202

6O

C

70

ARGPER = ATAN2(P(3I/$INI,P(I) • CONG + P(2) • SONG) _ C(5)

49 CONTINUE

C

C MEAN _tOTION

48 XNOT = SORTNU _ /_BAINV t SQAINV

C

C MEAN AND ECCENTRIC AN(_MALY

IF( A.LT.Q. ) GO TO 200

EZ • ATAN2ISZ.CZ)

GO TO 201

200 EZ=ALOG( (CZ+SZI/ECC )

201 XMA = EZ - SZ

IF{ A.LTo0. l XNA=-XNA

C

C TRUE ANOMALY

E2=EZ/2.

DUN- (1.+ECCI/(1.-ECC)

IF(A.LT.O.) GO TO 205

Y-SORTIDUMI*SIN(E2)

X=COSIE2)

GO TO 206
205 EXI=EXP(E2I

EX2=EXP(-E2)

Y=SORT(-DUN)Q.5_(EXl-EX2)

X=oS"(EXl+EX2I

TA=2,tATAN2IY+X)_C(S)

TIME FROM PERIGEE

3U TPER - -XMA/XNOT

FLAG IRRELAVENT PARAMETERS FOR HYPERBOLIC ORBITS

IF(A °LT° 0.) FLAG=C(320)

BYPASS PERIOD AND APOFOCUS CALC IF HYPERBOLIC

IF( A°LT.O, ) GO TO 202

PERIOD

PERIOD = C(4} t A lml.5/SORTNU

APOFOCU$

RA = A t (1. + ECCI

PERIFOCUS

DUN - 1, - ECC

IFINBS(DUN) oGT. I.E-3) GO TO bO

ALPNA = -EZte2 t SIGN(I,oA)
BETA - -EZ/$QAINV

CALL FALPHA(ERRORI

IFIERROR ,EQ. 2) RETURN

50 RP = G(2l + POS(_I • G(_I + DZNU • G(1)
GO TO 70

RP " A • DUN

IF ( A,LT+O, ) GO TO 1OO

EZ • EZ * CIS)

XNA • XNA * C(SI

1OO WRITE(6,1) AtECCtXI,ARGPER,OMG,FLAG,XNAtFLAG,EZ,TA.XNOT+
IFLAG,PERIODt TPER.H(4I,FLAG,RA+RP

RETURN
END
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$1BFTC BLOCK DECK

C

C CONSTANT AND DATA DEFINITIONS FOR GENERAL TRAJECTORY SELECTOR -

C SUBJECT TO oVERLAY VIA INPUT,

C

BLOCK DATA

COMI=ION /DATA/C

DIMENSION C(1OOOI

C

C PERM° PROGRAM CONSTANIS

DATA(C(II . I = l_IO0)

I/3,1_i69265 ,I,57079633 ,4.71238899 ,6,28318531 , C I

1 57,2957795 ,I,74532925E-2 ,86_00, ,1440. , C 5

1 2_, ,149599000. ,.277777778 E-3,89 • 0 / C 9

BODY CONSTANTS - (**i

(**2

(**3

(**5

(_'6

(*'7

(_8

CONVERSION

: BODY NAME

: GRAVITATIONAL CONSTANT (KM_31SEC_e2)

: BODY RADIUS (KM)

= RADIUS OF SPHERE OF INFLUENCE (KM)

= SQRT(GRAV. CONST.)

: APHELION DISTANCE (AU)

: PERIHELION DISTANCE (AU)

: TERMINATING DISTANCE (TERM. COND. NO. 2)

ER**3/HRee2 TO KN_*3/SEC_e2 MULT. BY 2.002083BE_

ER**3/HR**2 TO AU=*3/DAY**2 MULT. BY _.463992E-11

SUN - C(I02) = AU**3/DAY*_2 , ALL DISTANCES = AU

DATA(C(1) , I : I01.160)

]/6HSUN ,2.9591203 E-_.IOOO0.

2 1.720209W E-2.0. .0.

312 * 0.

C

C MERCURY

i 6HMERC _19 _ O, ,

C

C VENUS

1 6HVENUS ,32_769.5 ,0.

2 569.885515 ,,7282_327 ,,718_2093

3|2 e 0°/

DATA (C(1) , I : 161,220)

C

C EARTH

I/6HEARTH ,398603.2 ,6378,165

2 631,3503 ,I,0167279_ ,°98327228

312 * 0.

C

C MOON

i 6HMOON ,8900.7588 ,1738.

2 170.005_2 ,32768, ,Io

312 * 0.

C

C MARS

1 6HNARS ,_2977o795 ,0,

2 207.310863 ,1,66605_32 ,1,38132232

312 * 0./

DATA (CIII _ I • 221,280}
C

C JUPITER

,1.EIO

,1.E5

,5236_7.35

.I.E3

,786_27.7_

.1.E3

,66000.

.I.E3

,_6_968.23

,1.E3

, C
, C

C

, C

, C

C

, C

, C

C

, C

, C

C

• C

, C

C

i01

105

109

121

141

165

1_9

161

165

169

181

185

189

201

205

209
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I/6HJUPTER P1.2671077E8
2 1.1256588 E_ .5°45381528

312 * O.

C

C SATURN

1 6HSATURN t19 * 0. ,
C

C URANUS

1 6HURANU$ ,19 * 0. /

DATA (C[I) , I = 281,319)

C

C NEPTUNE

1/6HNEPTUN .19 * O. P

C

C PLUTO

tO°

t4.95261347

,4,8E7

.1.E3

t C

, C

C

221
225

229

2/41

261

281

1 6HPLUTO *18 * 0. / C 301

DATA(C(I} • I : 320_363)

1/1H_ •IHC •IHB _IHF * C 320

2 1HY *IHN _IHI _6HREF. S _ C 324

3 6H_ITCH •6HINTO _6HSPECIF _6HIED D! , C 328

6HSTANCE _6HCIRCUL _6HAR PAR •6HK ORB. _ C 332

6HDELTA ,6HTIME _6H ,6HPERIAP • C 336

6 6HSI5 ,6H ,6HFLIGHT _6H PATH t C 340

7 6HANGLE _6HBETA G _6HIVEN •6H * C 3_4

8 OH _6H _6H _6H _ C 3_B

9 6H _6H _6H •6H _ C 352

1 6H _6HINITIA ,6HL ,6HUPDATE • C 356
I 6HD _6FIBURN M ,6HANEUvE •6HR ONLY / C 360

C

DATA (C(1)_ I : _Ol_k6I

C X INPUT Y INPUT Z INPUT R INPUT

1/1.2777285E3 _6.0337409E3 ,2.2448028E3 _6.5633649E3 _ C _Ol
C

C *t******** ********** XOOI INPUT YDOT INPUT

2 0. .0. _-1.4655730E1 .2.265126_ t C 405
C

C ZDOT INPUT RDOT INPUT **_**_ *_*_**_*t_

3 2.2535885 ,1,5E1 _0, ,O, _ C _09
C

C X OUTPUT Y OUTPUT Z OUTPUT R OUTPUT

-7,88_552E5 .-1.51_5603E5 ,I,_159293E4 _8.0299532E5 , C 413
C

C ****t*,*** ***_*_'** XDOT oUTPUT YDOT OUTPUT

5 0. •O, _-I,O017459EI _-2.0_O0995 • C _17
C

C ZDOT OUTPUT RDOT OUTPUT **_i****_* ._**_***_.

6 1.3_51798E-I ,1.0223971E1 ,0° ,0. _ C _21
C

C YYMM°DD HHMM.SSSS BETA TIME OF FLIGHT

7 6912°30 +2307o5100 _0° ,Oo , C _25
C

C FLIGHT PATH ANGLE HIX) H(Y) HIZ)

8 0, _0° _0, •0° • C 429
C

C ANG MOMENTUM SEMIMAJOR ECCENTRICITY INCLINATION

C AXIS

9 O° •0° tO, _O° • C 433
C

C ANG QF ANG OF MEAN ECCENTRIC
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C NODE PERICENTER NOTION ANONOLY
10. _0. tO+ tO. _ C _37

C
c MEAN TRUE TIME

C ANOMOLY ANONOLY FROM PERIGEE PERZOD
20. ,0, ,0° ,0° , C 441

C
C APOFOCUS PER|FOCUS

30. ,0. / C 445

C
c EPHEMERIS PARAHETER$ FOR PLANETARY BODIES

DATA(C(I) t I = 501,536)

c

c SUN (1)
C L = 1
C

C

*_* 2439500.5 TO 2441324.5
AI1),A(2).A(3)

i /2.0973284E-O1,-8.9704818E-O1.-3.8899223E-01, C 501

BIII,B(2),B(3)

1 9.7762109E-01. 1.9239543E-01. 8.3423951E-02. C 504

MEAN NOTION,MEAN ANO_ALYtECCENTRICITY

1 1.7202146E-02, 3.2352436E 00. 1o6724545E-02, C 507

L = 2 t*t 2441324.5 TO 2443148.5

1 2.11fiII23E-O1,-8.9670185E-O1,-3.8883106E-01. C 510
1 9,7723923E-01, 1.9402791E-01, 8.4128786E-02, C 513
i 1.7202114E-02, 3,1941870E OO, 1,6727522E-O2t C 516

L = 3 *** 2443148.5 10 24_4972.5

1 2°1012915E-Ol,-8o9697996E-O1,-3.8893901E-01, C 519

1 9,7753770E-01, 1+9276143E-01, 8.3576151E-02, C 522
1 1,7202113E-02, _.1563250E 00, 1.670_466E-02. C 525

L = _ *** 24_972.5 TO 2_46796o5

1 2,lllO_85E-O1,-8°9679081E-O1,-3.888_S&7E-01, C 528
1 9.775266_E-01, 1.9365813E-01. 8.3960217E-02. C 531
1 1.720212_E-02. _.1160858E 00, 1.6727726E-02/ C 534

C MERCURY (2)
DATA(C(1) , T = 537,572)

1 /°0. ,-0. ,-0, , C 537
1 -0+ ,-0. ,-0. , C 5_0
1 -0. .-0° .-0. , C 5_3
1 -0+ ,-0. .-0. , C 5_6

1 -0. ,-0. .-0. , C fi_9
1 -0. .-0. .-0. , C 552

1 -0+ ,-0. .-0. , C 555
1 -0. ,-0. ,-0. , C 558
1 -0. ,-0. ,-0. , C 561
1 -0° ,-0. ,-0. . C 564
1 -0. .-0. .-0. . C 567
1 -0. ,-0. ,-0- / C 570

C VENUS (_.
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DATA(CII! , 1 = 573,608)

1 /-4.7206284E-01, 4.8788472E-01, 2.4966932E-01,
1 -5,464,6455E-O1,-4o4401339E-O1,-1,b557205E-01,
1 2.7962_TE-O2,-2,5356522E 00+ 6,7856914E-03.
1 -_.7277628E-01, 4.8730243E-01, 2.4945720E-01_
1 -5+_58_799E-OI,-_._464735E-01+
1 2o7962433E-O2,-1,7989062E OOt

1 -4.7245589E-01, _.8755941E-01,
1 -5,_612458E-O1,-4.4435794E-01,

1 2o7962475E-O2t-loO602999E OOt

1 -4.7150609E-01, 4.8832905E-01+
I -5.46945_lE-OI,-_,4350646E-O1t

1 2.7962459E-O2,-3,2052571E-01,
EARTH (4)

DATA(C(1) t ] = 609,644)

1 /-2,0973284E-01, 8o9704818E-01,
1 -9,7762109E-Olt-1o9239543E-01,

1,72021_6E-02+ 3°2352436E 00+
-2.1151123E-01, 8o9670185E-01,

-9.7723923E-O1+-I.9402791E-01,
1,7202114E-02+ 3.1941870E 00,

-2,1012915E-01, 8,9697996E-01.

-9.77.53770E-O1,-1°9276143E-O1,-8,35761.51E-O2t

1.7202113E-02, 3.15632.50E 00, 1,67024-66E-O2t
°111048.5E-01, 8,9679081E-01, 3°8884567E-01,

.7732664E-O1,-1.936.SHI3E-OI,-8.3960217E-02,
• 720212_E-02, 3.11608.58E 00, 1,6727726E-02/

1

1

I

1

I

I

1

I -2

1 -9

1 1

c MOON (.5)

DATAiC(I)
i /-0.

1 -0o

1 -0,

I -0o

I -0.

1 -0,
I -0,

1 -0,

1 -0.

I -0°

i -0,

I -0.

C MARS (6}
DATA(C(

1 /Io

1

1

I

1

1
l

i

l

1

1
I

C JUPITER

-1.6.590.523E-01,
6,7883050E-03,
2,49.5.5992E-01.

-1o6576735E-01,

6.7817.544E-03,
2.498.520.5E-01,

-1.6534188E-01,
6°7896492E-03/

3°8899223E-01,
-8.34239.51E-O2t

1.67245_.5E-02,
3°8883106E-01,

-8.4128786E-02,
1,6727.522E-02,
3,8893901E-01,

I = 64.5,680)
,-0. ,-0° . C
_-0. ,-O. . C
,-0. ,-0. , C
,-0. ,-0, , C
.-0. .-0. , C

.-0. .-O. . C

,-0. .-0. . C
,-0. ,-0. , C
.-0. ,-0. . C
.-0. ,-0, t C

_-0. ,-0° , C
,-0, ,-0, / C

I) , I • 681,716)

382998.5E O0,-.5.663096.SE-O1,-2.9706821E-O1p

6.3.562427E-01, 1.2.582.528E 00, .5.6049994E-01,

9,I_60837E-O3o-9.4738666E-01, 9°_22198E-02,
1,3832179E O0*-5,6.588296E-O1,-2°g686122E-01,
6,3.51.5644E-01, 1°2.584498E 00, .5.6061370E-01,

9,1460814E-03, 3.168274.5E 00_ 9.33.574,80E-02,
1,3832166E OOo-5.6588123E-O1,-2,9684368E-Olt
6.3.51_318E-01, 1°2.58_3.50E 00, .506061798E-01,
9.1461283E-03_ 1°00122.56E OOP 9.343.5113E-02,

1°3836980E OOt-.5,6493266E-Ol.-2,9640773E-01,
6°3410942E-O1t 1,2588681E 00+ .5,6084985E-01_
9°1461267E-O3t-loI665322E 00+ 9,334813.5E-02/
(7)

DATAiC(I) , ! = 717,752)
1 /5°0.59830.5E 00, 1°1_9097E 00, 3o7173985E-01_
1 -1.2062181E 00, 4.63.50877E 00, 2.01794.T7E 00,
1 1.4.500298E-03, 3.0606442E 00, 4,8153945E-02,

1 .5.0.55_738E 00, 1.1694208E 00, 3.78073_7E-01.

.573

.576
579
5412
585
588
591
.59_
.597

60O
603
606

609
612

615
618

621
62_
627

630
633
636
639
642

64.5
648

6.51
6.54
657

660

663

666
669

672
675
678

6_1

684
687

690
693

696
699
702
7O5

7O8
711
71_

717
720
723

726
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C 729

C 732

C 735

C 738

C 741

C 744

C 747

C 750

i -1.2220346E 00. 4.6308802E 00, 2.0165227E 00,

I 1,4502952E-03. 5.7022524E 00, _.8054559E-02,

1 5°04685_8E 00, 1o2059230E 00, 3.9394118E-01.

1 -I.2617882E 00. W.6227371E 00, 2.0139991E 00.

I 1.4497771E-03. 2°0567483E 00. 4.7919003E-02,

i 5.0266418E 00, 1.2735259E 00, _°23_2471E-01.

1 -I°335_298E 00, 4.6035460E 00. 2°0074230E 00,

i 1,4502550E-03, _,6855981E 00, _,8063546E-02/

5AIURN (8)

DATA(CIII , I = 753,788}

1 I-5.2867721E-O1, 8.7798163E 00, 3°6530586E 00,

1 -9.4879_17E 00,-6,3309856E-01, 1.48_8665E-01.

i 7,3981952E-04, 5.2957826E 00, 5,4112226E-02,

i -2.4626776E-01, 8,8080769E 00. 3°6527202E 00.

I -9,513_958E 00,-3.7277490E-01. 2,57h9649E-OI*

i 7.38137Q_E-O_, 1.0623819E-01, 5,W813042E-02,

I -7.0073_93E-01, 8.8089353E 00, 3.6730197E 00,

i -9,5213411E 00,-7,9237206E-01, 8,3859550E-02,

i 7.3_5_244E-04, 1,1241_90E 00, 5,6139224E-02,

I -4,9209815E-01, 8,8163435E 00, 3.66726_7E 00,

I -9,528W8_3E 00,-5,9998196E-01, 1.6379992E-01,

1 7.3550969E-04, 2.2172_88E 00. 5.12_6147E-02/

URANUS (9}

DATA(C(II , I = 789,824)

i /-1.9032647E 01, 2°6363596E 00, 1.4240991E 00.

l -2.9821565E 00,-I.7_27136E 01,-7°5936648E 00,

I 2.0340827E-0_, 1.8942232E 00, 5.080042lE-02,

i -I,8879279E 01, 2.9112393E 00, 1.5424296E 00,

I -3.2817947E O0,-I.7292QSOE 01,-7,5306261E 00,

i 2o0504200E-04, 5°8105500E-01, _°5854992E-02,

i -1.8978032E 01, 2.712959_E 00, I°456_429E 00,

] -3.0653878E 00,-1.7378891E 01.-7.5710517E 00.

i 2.0_05711E-0_, 9.3773049E-01. _.94_8118E-02.

i -I.9241125E 01, 1.13_6875E 00, 7.6939741E-01.

i -1.3464271E 00,-1.7612001E 01,-7.6977830E 00.

i 2.0304725E-04. 1.2254305E 00, 4.7767922E-02/

NEPTUNE (10)

DATAIC(1) , I : 825.860)

I /Io9291692E 01 2.16192_!E 01. 8.3703197E 00.

i -2.31720_7E 01 1.7651633E 01, 7.81_8856E 00,

1 1.0385988E-04 3.26802_3E 00. 5.4339129E-03,

I 2._779832E 01 I.5990521E 01, 5°9272870E 00,

i -1.7038688E 01 2.278569kE 01, 9°7617503E 00,

1 1.0_26883E-04 3.7382858E 00. 8.9812170E-03.

1 1.553_306E Ol 2.3931650E 01, 9._122013E 00.

I -2°5705566E 01 I.WI51179E 01, 6°_W_5135E 00,

1 1.0_46296E-04 3._966100E 00, 8._22911E-03.

I 3.02W68_8E 01 5.6000010E-OI.-5.3173721E-01.

I -3.165_692E-01 2.7993687E 01, I.I_75_45E 01,

i 1.033_21_E-04, _.7080778E 00, 6.2333927E-03/

PLUTO (11)

DATA(C(1) . I = 861.896)

I /-2.76_8371E 01.-2.8510578E 01,-6.3179730E-01, C 861

i 2°5_6812E 01,-2._335954E 01,-I.5401763E 01, C 86_

i 6,8717631E-05, 5.7817696E 00, 2,5263070E-01, C 867

1 -2°6905922E 01,-2.8729_6E 01,-9,1503799E-01, C 870

i 2°5758069E 01,-2,3636926E 01,-1,5265829E 01, C 873

1 6.9631164E-05, 5,890_512E 00, 2°4745160E-01, C 876
i -2.7673876E 01,-2.8_63870E 01,-6.1516616E-01, C 879
1 2.53983_7E 01,-2.4360391E 01,-1°5409970E 01, C 882

i 6,8759175E-05, 6.0327829E 00. 2.52_1916E-01. C 885

I -2°7179941E 01,-2.8928263E 01,-8°9727677E-01. C 888

1 2°5892389E 01,-2.3851123E 01,-I°5359832E 01, C 891

i 6,8759669E-05, 6.1_78175E 00, 2.533_895E-01/ C 894

C 753

C 756

C 759

C 762

C 765
C 768

C 771

C 774

C 777

C 780

C 783

C 786

C 789

C 792

C 795

C 798

C 801

C 801,+

C 807

C 810

C 813

C 816

C 819

C 822

C 825

C 828

C 831

C 834

C 837

C 840

C 843

C 846
C 8,_.9

C 852

C 855

C 858

END
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$I_TC DJUL4 DECKoLIST,M94,XR7

CDJUL4

FUNCTION DJUL4iN_4,ND,NYI

C

C VERSION OF 09130164

C FORTRAN FUNCTION

C FOR USE WITH FORTRAN 4 ON IBM 7094
C

C

C

C

C

C CALLING SEQUENCE

C NAME =DJUL4(NM,ND,NY)

C

C INPUT

C NM = CALENDAR MONTH

C ND = CALENDAR DAY

C NY = CALENDAR YEAR

PURPOSE

COIqPUTES JULIAN DATE AT 0 HOURS UNIVERSAL TIME (OR

0 HOURS EPHEMERIS TIME).

OUTPUT

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

NAME = JULIAN DATE AT 0 HOURS UNIVERSAL TIME

REFERENCE

REFER TO MATHEMATICAL DESCRIPTION IN SUBPROGRAM WRITEUP

METHOD

THE NUMBER OF DAYS WHICH HAVE ELAPSED FRO4M |2 HOURS

UNIVERSAL TIME JAN. O, 18OO ARE COUNTED AND ADDED TO THE

JULIAN DATE OF 12 HOURS UNIVERSAL TIME OF JAN, Ot L800.

RESTRICTIONS

ACCURACY

EXACT BINARY REPRESENTATION WITHIN DATE LIMITATIONS.

REQUIRED SUBPROGRAMS - FORTRAN 4 LIBRARY
NONE

REQUIRED ,5,UUPROGRAMS - OTHER
NOtNE

DJUL 004

DJUL 006

DJUL 008

DJUL 009

DJUL 010

DJUL 011

DJUL 012

DJUL 013

UJUL 015

DJUL 01b

DJUL 017

DJUL 018

DJUL 019

DJUL 020

DJUL 021

DJUL 022

DJUL 023

DJUL 024

DJUL 025

DJUL 026
#JUL 027

DJUL 028

DJUL 029
DJUL 030

DJUL 031
DJUL 032

DATE RESTRICTED TO LIE BETWEEN JANUARY i, 1801 AND DECEMBEROJUL 033
311 2000, DJUL 03_

DJUL 035

DJUL 036
DJUL 037
_JUL 038

STORAGE REQUIREMENTS

TIMING

ESTINATE AVAILABLE

ANALYSIS

RICHARD J. SANDIFER* DATA SYSTEMS DIVISION

GODDARD SPACE FLIGHT CENTER, NASA

PROGRAMMER

RIO'_RD J, SANDIFERt DATA SYSTEMS DIVISION

ROBERT A. DEVANEY • NASA * THEORETICAL DIVISION

PII_OGRAM NODIFICATIONNS

07/22163 ORIGINAL BY R. J. SANDIFER
09130164 MODIFIED BY R.A. DEVANEy TO FORTRAN 4

DJUL OWO
DJUL 041

DJUL 042

DJUL 043

DJUL 044

DJUL 045
DJUL 047
DJUL 048

DJUL 049
DJUL 050

DJUL 051

DJUL 052

OJUL 053

DJUL 054

DJUL 055

OJUL 056

DJUL 057
DJUL 058

DJUL 059

C

C

2 DIMENSION 1_(12)

DATA (l_Nllltl=l,121/O.,31.*28,,31,,30,,3I,,30,,31.,31,,30,,31,_
1 30,/

17 Y=NY-1800

IB YL=AINTIIY-I,0I/4,OI

19 YC=AINT(IY+99,O)/IOO,O)-1,0
20 RY-Y-YL

21DJUL4 • RY_365,0+YL*366,O-YC+2378495,5
22 TO=NO

23 DO 24 N-ItNN

24 DJUL4 = DJUL4 + RN(N)
25 IFINI¢ ,LE, 2I GO TO 29

26 IFIY .EQ, 100,0) GO TO 29

27 IF I NOD (NY,4)) 29,28,29

28 DJUL4 = DJUL_ + i.

29 DJUL4 = DJUL4 + TD
RETURN
END

DJUL 061
START PROGRAM e-eeteee,'me_t_e_eo_em_ewtteee_e,-a.meeQeeeet_eet_DJUL 062

DJUL 063
DJUL 064

DJUL 079

DJUL 082

DJUL 084

DJUL 085

DJUL 092
DJUL 093
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$1I_FTC JUL4 DECK,LISToN94*XR7

CJUL4

SUBROUTINE JUL4 (DJ,NI4tND*NYI
C JULCAL04

C VERSION OF 09130164

C FORTRAN SUBROUTINE JULCAL06

C FOR I.L,,%E WITH FORTRAN 4 ON IBM 7094

C JULCAL08

C PURPOSE JULCAL09

C COMPUTES CALENDAR DATE FRQQ4 JULIAN DATE AT 0 HOURS JULCALIO

C UNIVERSAL TIME I OR 0 HOUR5 EPHEMERIS TIME), JULCALll

C JULCAL12

C CALLING SEQUENCE JULCALI3

C CALL JUL_ (DJ*NMtND*NY}
C JULCALI5

C INPUT JULCALIb

C DJ = JULIAN DATE AT O HOURS UNIVERSAL TIME JULCAL17

C JULCALI8

C OUTPUT JULCALI9

C I_l = CALENDAR NONTH JULCAL20

C ND = CALENDAR DAY JULCAL21

C NY = CALENDAR YEAR JULCAL22

C JULCAL23

C REFERENCE JULCAL24

C REFER TO MAIHEMATICAL DESCRIPTION IN _UBPROGRAM WRIIEUP JULCALZ5

C JULLAL2b

C METHOD JULCAL27

C THE NUMBER OF DAYS FRC_M 12 HOURS uNIVERSAL TIME JAN. 0t JULCAL28

C 1800 IS CALCULATED. THE INTEGRAL NUMBER OF YEARS IN THIS JULCAL29

C NUMBER IS ADDED TO 1800 TO GIVE THE CURRENT CALENDAR YEAR JULCAL30

C AND THE NUMBER OF DAYS CONTAINED IN THE INTEGRAL NUMBER JULCAL31

C OF YEARS ELAPSED SINCE JAN. O* 1800 IS SUBTRACTED FROM THE JULCAL32

C ORIGINAL NUMBER UF DAYS FROM JAN. O. 1800. THE INTEGRAL JULCAL33

C NUMBER OF i_C_NITHS IN THIS REMAINDER IS CALCULATED TO GIVE JULCAL34

C THE CURRENT CALENDAR MONTH. THE NUMBER OF _AYS CONTAINED JULCAL35

C IN THIS INTEGRAL NUMBER OF MONTHS Ib SUBTRACTED FROM THE JULLAL3b

C PREVIOUS REMAINING DAYS TO GIVE THE CALENDAR DAY, JULLAL37

C APPROPIATE CONSIDERATION HAS BEEN GIVEN TO THOSE YEARS JULCAL38

C WHICH ARE DIVISIBLE BY _t lOOt AND 400. JULCAL39

C JULCAL_O

C RESTRICTIOIWS JULCALWI

C DATE RESIRICTED TO LIE BETWEEN JANUARY i, 1801 AND DECEMBERJULCAL42

C 31t 2000. JULCAL_3

C JULCAL_4

C ACCURACY JULCAL45

C _e_Qo_ JULCAL46

C JULCAL47

C REQUIRED SUBPROGRAMS - FORTRAN 4 LIBRARY

C NO_iE JULCAL_9

C JULCALS0

C REQUIRED SUBPROGRAMS - OTHER JULCALSI

C 09/30164 DJUL4

C JULCAL53

C STORAGE REQUIREMENIS JULCAL54

C JULCAL56

C TINING JULCAL57
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ESTINATE AVAILABLE

ANALYSIS

RICHARD J. _ANDIFER, DATA SYSTEMS DIVISION

GODDARD SPAC_ _LIGHT CENTER, NASA

pROGRAMMER

RICHARD J. 5ANDIFER, DATA SYSTEMS DIVISION

ROBERT A. DEVANEY , NASA • IHEORETICAL DIVISION

PROGRAM MODIFICATIONS

07/22/b3 ORIGINAL BY R. J. SANDIFER

09/30/b4 MODIFIED bY R.A. DEVANEy IO FORIRAN

JULCAL58

JULCAL59

JULCAL60

JULCAL61

JULCAL62

JULCAL63

JULCAL64

JULCAL65

JULCAL66

JULCAL67

JULCAL68

JULCAL70

C JULCAL72
2 DIMENSION M(I2) JULCAL73

DATA (M(1),1=I,121/31,28,31,30,31,30,31,31,30,31,30,31/

6 NM=0 JULCALT_

M(2) = 28

2U IF(DJ .GT. 2_15020.5) GO IO 22

21 NY= INT l(DJ-2378495.5)/365.25)+I8OO

GO TO 23 JULCALgO

22 NY: INT ((DJ-2378495.5+I.0)/365o25)+1800

23 NDY=DJ-DJUL4(I,O,NY)

24 ND:NDY JULCAL93

25 DO 33 N=I,12 JULCAL94
26 IF(N .NE. 2) GO TO 30

27 IF(NY .EO° 1900) GO TO 30

28 IF ( MOD (NY,4_| 30,29,30

29 M(N)=M(N)÷I JULCAL98

3u ND=ND-M(N) JULCAL99

31 NM=N_4+I JULCALOO

32 IF (ND) 34,34,33 JULCALO1

33 CONTINUE JULCAL02

34 ND=ND+MiN) JULCAL03

RETURN JULCAL04

EN_ JULCAL05
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$]BFTC NEWC
C
C

C
C

LIST,DECK

READ DATA THAT OVERLAYS THE C ARRAY

5 ITEMS OR LESS PER CARD

AN _ IN COLUMN i INDICATES LAST CARD

SUBROUTINE NEWC

i FORMAT(AI,13,EI1.h,4(13_E12.9))

2 FORMAT(IH0 WX,28HOVERLAY INPUT IO C ARRAy _/
IIHO, 5X,IUJHI C (I) i C (If

2(I) I C (1) I
3 FORMAT( 5(1891PE15.7))

COI_

1 /DATA/C

DIMENSION

1 C(10OO) ,BUFFER(_i_INDEX(5)

WRITE(6t2)
100 READ(_tl) END_I(INDEX(1)_BUFFER(1))_I=ltS)

WRITE(6_3) ((INDEX(1)_BUFFER(II)tI:I,5)

DO 200 I : 1_5

K : INDEX(IT
IF(K oEQ. O) GO TO 200

C(K) : _UFFER(1)

20O CONTINUE
IFIEND .NE, C(320))GO TO 100

RETURN

END

C (1)}
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$1BFTC TWOBOD LIST,DECK
SUBROUTINE TWOBOD(IREF_ERROR)

C
C
C

C
C

C
C
C
C

C
C

C
C

C

TWO-BODY

INPUT - POS - POSITIO_ VECTOR (4) AT LAST RECTIFICATION (X,Y,Z,R)

VEL - VELOCITY VECTOR (_) AI LAST RECTIFICATION (X,Y,Z,R)

XMU - MU

SQRTMU - SQRTIMU)

BETA

OUTPUT P - POSITION VECTOR UPDATED

V - VELOCITY VECTOR UPDATED

DZ (ROS . VELi

AINV (I./A)

DIMENSION CiIOOO),G(4), P(4),V(4)

1,PO$i4),VEL(4)

COMMON /DATA/C
1 /STATE/ALPHA,G,DZ,AINVtSQAINV

EQUIVALENCE (POS,C( _01)},(VEL,C( 407)itIBETA,C( 427)),

l(DT,C(428)},(P,C(413})_|V'C(_19))

INTEGER ERROR

XMU = C(IREF + i)

SQRTMU = C(iREF + 4)

DZMU = DZ/SQRTMU

ALPHA = -AINV _ BETA*_2

CALL FALPHA tERROR)

IFIERROR .EQ. 2) RETURN

100 P(4} = POS(4) * GI4I+DZMU * GIll + G(2)
DT = (POSIt) _ G(1) + DZMU * G(21 + GI3)}ISQRTMU

FS = 1, - G(2)/POS(4}

GS=POS(4)*G(II/SQRTMU + DZ * GI2)IXMU

FDOT= -SQRTMU t G(1)/(POS(4) _ P(41)

GDOT = i. - G(2)/P (4)

DO 200 I : 1,3

P (1) = FS _ POS(II + GS _ VEL(I)

200 V (1) :FDOT * POSIT} + GDOT * VEL(1)

V(4) = SQRTIV(1)_2 + V(2)_2 + V(3)_2)

RETURN

END
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$[BFTC FALOHA LIST,DECK

C

C INPUT ALPHA

C BETA

C
C OUTPUT Gill , I=1,4

bUBROUTINE FALPHA (ERROR)

COI@I40N /STATE/ ALPHA,G,DZ,AINV,_QAINV

i /DATA/C

DIMENSION FACTII6I,ALPHAWI6I,F(4I,G(4),C(IOOO)

DATA FACT

i/i. ,2, ,6. ,2_. ,

2 120. ,720. ,5040. ,_.032E4 ,

3 3.6288E5 ,3.6288E6 ,3.99168E7 ,4.790016E8 ,

6.2270208£9 ,8.71782912£10 ,i,30767437E12 ,2.09227899E13 /

EQUIVALENCE (BETA,C(427))

INTEGER ERROR

I FORMAT(86H0** FALPHA i. SUUROUIINE SPEAKING, ALPHA CANNOT bE REDU

ICED IN 10 ITERATIONS. ALPHA = IPE15,7)

ERROR = t

I=O

FIll = ,16666666?

F(2} = .5

ALPPU_W(I) = ALPHA

DUM = AUS(ALPHA}

IFIDUM ,LI, I,£-7) GO TO 140

IFIDUM .LT, l,) GO TO IO0

C

C ALPHA .GE, i,

DO i0 I : I,I0

DUM = _UM * U,2b

IF(DUM ,LI, I.) GO TO 20

iU CONTINUE

WRITE(6,1) ALPHA

ERROR : 2

RETURN

2U ALPHAWII) = SIGNIDUM,ALPHA)

C

C POWERS OF ALPHA

iuu DO 120 KMAX = 2,6

ALPHAWIKMAX) = ALPHAW(_MAX - I) • ALPHAW(II

IF(ABSIALP_L'%WIKMAX)) .LT. I.£-7) GO TO 121

120 CONTINUE

_MAX = 6

C

C Fill SERIES

121 L = 0

123 IDUN1 - 2 - L

IDUN2 = 2 + L

DO 125 K = it lCJ,IAX

IDUM3 = 2 * K + IDUM2

125 F{IOUMI) = FIIDUMI) + ALPHAWIKIIFACT(IDUM3)

L=L+I

GO TO (123,140) , L

i_0 F(3) = I, + ALPHAW(1) • F(1)

Fit) = I. + ALPHAW(1) * FI2I

IF(I ,EO, 0) GO TO 151

C
C REOUCTIO_I FORMULI

DO 150 _ = I,[

FIll = 0.25 * (FIll + FI2) • F(3))

F(2) = 0.5 • F{3)*'2

150 FI3) = I. + ALPI-UkW(II • Fill

C

C G(1)

151 DO 155 I = 1,3

II:LIM = 4 - I

155 G{I): BETA •*I • F(IDUM)

G(4I = F(_)

RETURN

END
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$18FTC ROT
C
C
C

DECK

THIS SUBROUTINE ROTATES A VECTOR {XVEC} ABOUT ANOTHER VECTOR |AVEC)
THROUG_ AN ANGLE (EPS) AND PUTS THE RESULT IN XPR

SUBROUTINE ROTATE (XVECtAVEC,EP_XPR}

DIMENSION XVEC(4)_AVEC(4),XPR(4)

A2 = AVEC(1)**2 + AVEC(2)**2 + AVEC(3)**2
SEA = $1N(EP_I/SQRT(A2)

DUM1 = (AVEC(1) * XVEC(1) + AVEC(2) * XVEC(2) + AVEC(3) * XVEC(3))
I/A2

DUM2 = -2, * SIN(EP$/2,I**2

XPR(1) = AVEC(2) * XVEC(3) - XVEC(2) * AVEC(3)

XPR(2) = XVEC(1) * AVEC(3} - AVEC(1) * XVEC(3)

XPR(3) = AVEC(I) * XVEC(2) - XVEC(1) * AVEC(2)
DO 100 I = lt3

100 XPR(1) = DUM2 * CXVEC(IJ - DUM1 * AVEC(|)) ÷ SEA * XPR(II
i+ XVEC(I)

XPR(4) " $ORI(XPR(ll**2 + XPR(2)**2 + XPR(3I*_2)
RETURN
END
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$1BFTC PLANET

C

C

DECK

SUBROUTINE PLANETIM,ERROR)
COMMON IEPHEM/ XJD,SRV_VV

1 /DATA/ C

SUB FOR COMPUTING PLANET POS, AND VELS, BY MEAN ELEMENTS

TIME INTERVALS

2439500°5 - L=I - 244132_.5

2441324°5 - L=2 - 2443148.5

2443148.5 - L=3 - 24_4972.5
2444972°5 - L=_ - 2_6796,5

1/10/67 TO II08/72
I/O8/72 TO I/O5/77

1105/77 TO 1/03/82

1/03/82 TO II01/87

PLANETARY BOD|ES

M =

i SUN

2 MERCURY

3 VENUS
W EARTH
5 MOON

6 MARS
7 JUP IT ER
8 SATURN

9 URANUS
i0 NEPTUNE

i i PLUTO

I FORMATI83H0** PLANET ** SPEAKING.
IMERCURY OR THE MOON. SORRY)

510 FORMAT(75H0 *_ PLANET ** SPEAKING.

IE EPHEMERIS. XJD = IPD25,15,10H JUL. DAYS)

INTEGER ERROR
DOUBLE PRECISION TT(5},XJD,TEPOCH

DIMENSION AP(3),BP(31,SVV(3),SRV(3),C(IO00)

DATA DELC2,(TT(1),I=I,5)

i/ 912. ,2439500.5D0 ,2441324.5D0
i 2_972.5D_ ,2_6796.5D0 I

IF((M .NE. 2) .OR. (M .NE. 5}} GO TO 200

ERROR = 2

WRITE(6,1)
RETURN

2OO ERROR = I

I DO NOT HAVE AN EPHEMERIS FOR

TIME IS OUTSIDE THE LIMIT OF TH

,2_31_8.5D0 ,

FIND TIME INTERVAL

IF(XJD°LT.IT(1) .OR, XJD.GE. TT(5)) GO TO 503
L = SNGL(XJD - TT(1))/1824. + 1.

TEPOCH =IT(L) + DBLE(DELC2)

DEFINITION OF PLANETARY PARAMEIER5

IAP = W56 + M i 36 + L m 9
AP(I; = C(|AP)

AP(2) = C(iAP + I)
AP(3) = C(IAP + 2)

BP(1) = C(IAP + 3)

BP(2) = C(IAP + _)
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C

C

C

C
C
C

300

BP(3) = C(IAP + 5)
MEAN I'gDTION

SNP = C(IAP + 6}

MEAN ANOMALY

SGZP = C(IAP + 7l

ECCENTRICITY

SEP = C(IAP + 8)

EVALUATE POSITION AND VELOCITY

XJP = SNGL (XJD -TEPOC.H )/ DELC2

SGP= SGZP + SNP _ DELC2 e XJP

E=SGP

SNE= SINiSGP)

CSE= COS(SOP)

SOLVE KEPLER

DO 380 I:I,2

ESE:SNE*SEP

ECE=I.-CSE*SEP

BK=ISGP-E+ESEI/ECE

E=E+BK-,5_BKeBKIESE/ECE

CSE= COS(El

380 SNE= SIN(El

ADR = Io/ (I°-SEP _'CSE )

CKI=CSE-SEP

CK2 =-SNE'_ADR

CK3=CSE*ADR

DO 390 I'i,3

SRV(1)=AP(II _CKI+BP(1) tSNE

390 SVV(1) = (AP(1) _'CK2 + BP(I}

RETURN

503 ERROR = 2

WRITE(6,510} XJD

RETURN

END

$DATA
I JUPITER PROBE

Y F C 411

401 • 127"/7285 E4

_02,60337410E4

403,22_8028E4

_*07- • I_._57 _E2

408,22651264E1
409,22535885E1

164. 80299558E6
22_,, 4.8153729E8

4256912,30

"426g138,11
Y Y F C 1 _.

_428365.78981E0
Y N F C 117

Y N F C 7 5

#CK3) _SNp

EARTH TO SUN ARC

TIME COAST ARC

SUN TO JUPITER ARC

JUPITER REF
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